INTRODUCTION
Large light partitions (10 meters and more) are unload bearing structures. They are made of plasterboards screwed on both sides of a metal frame of various constructive configurations. Besides structural requirements such as the resistance to impact loading and collision loads [1] , a light partition must verify various fire resistance criteria such as the carrying out of full scale tests under the ISO 834 thermal loading curve [2] . This last requirement can not be met when the structure dimensions exceed those of the testing furnaces (up to 3m). One way to circumvent the dimensional difficulty consists in evaluating partition behavior by means of an experimental and numerical combined approach. Benouis [3] adopted this approach but only to asses the mechanical behavior of light partitions at room temperature. The fundamental key to solve the above problem is to develop and validate with experiments a deterministic and a probabilistic thermomechanical model of plasterboard submitted to fire load. Plasterboard, a cardboardplaster-cardboard (CPC) multilayer, gives a partition higher resistance thanks to the important quantity of capillary and chemically bound water contained in the plaster (21% of its weight) [4] . The first step of our research deals with identifying the CPC mechanical characteristics under fire and mechanical loading. For that, one adopt a thermo-mechanical experimental approach taking implicitly into account the hydrous phase. Indeed, the mechanical characteristics of the CPC multilayer are determined under the same thermal loading that a partition would receive during conventional resistance tests. For this matter, a new thermal loading bench (TLB) is designed allowing a time evolution thermal load equivalent to the ISO834 function to be reproduced on CPC specimens and then one performs, quickly, mechanical tests. A thermo-mechanical mean model is developed using a homogenization in the thickness of the CPC. In this model, Najar's brittle damage model is introduced for the plaster. A devoted finite element code has been developed and takes into account the evolution of damage within the layers. This mean model is validated with experiments and constitutes a basis model to implement the nonparametric probabilistic model allowing uncertainties to be taken into account. Finally, the numerical results are compared to the experiments.
EXPERIMENTAL IDENTIFICATION OF THE THERMOMECHANICAL PROPERTIES OF THE CPC
To identify the thermo-mechanical properties of the CPC, a thermo-mechanical approach, taking implicitly into account the hydrous phase, is adopted. During ISO834 equivalent thermal loading, each CPC specimen is parallel to the heat source. Only one side of the specimen is exposed to the heat source. Consequently, the direction of the heat flux and the hydrous transport is mainly transversal to the specimen. The experimental approach is developed in two steps: x Thermal loading by means of a thermal load bench (TLB) designed and put on for this work, x Thermo-mechanical identification by means of a four points bending test.
Thermal load bench (TLB)
The TLB ( Figure 1 ) reproduces an incidental heat flux equivalent to the one that a partition would receive during a mandatory test using a gas furnace. It is composed of a radiant panel (the heat source) and a mobile cart provided with a specimen holder. The heat flux received by the specimen, hang on the specimen holder, is modified by moving the cart with respect to the radiant panel. Hence, one can reproduce the ISO thermal load equivalent heat flux, not by modifying the flow of combustible gas ( as during tests on conventional furnaces), but by modifying the distance between the specimen and the radiant panel. The specimen thermal loading takes place only when the radiant panel reaches its steady state. Therefore the illumination can be considered as constant throughout the test duration. The combination of a heat source used in its steady state and a specimen movement controlled with a millimeter precision insures an excellent reproducibility on the thermal load. Furthermore the ECHAFO software [5] developed in order to model thermal exchanges in fire resistance furnaces, allows us to perform the calculation of the total heat flux received by the specimen surface at different time steps of conventional fire resistance test. First, one characterizes the incidental heat flux received by a fluxmeter at different distances from the radiant panel and then the cart displacement program is find out in order to reproduce by means of the TLB the incidental heat flux calculated by ECHAFO. Figure 2 compares the TLB proposed heat flux with the calculated incidental heat flux on the surface of a plasterboard specimen submitted to the ISO thermal load in a conventional furnace. 
Specimen holder

Mechanical load bench
The second step of the experimental protocol concerns the thermo-mechanical identification tests of the CPC multilayer and its components. The Young modulus of the CPC multilayer corresponding to different time steps of the ISO thermal load has been identified. Therefore, after having exposed a 0.4x0.4 m² specimen to a time evolution of heat flux corresponding to the ISO thermal load using the TLB, a 0.08x0.4 m² specimen is cut in the specimen central part. A four points bending test is then performed quickly. The choice of the specimen dimensions (cutting out a 0.08x0.4 m² specimen in the thermal loaded specimen) is motivated by a concern to preserve hydrous boundary conditions in avoiding the steam loss in the specimen central part. Concerning cardboard, the same protocol is adopted, the bending test being replaced by a tensile test. These mechanical tests are achieved using an INSTRON press of 500 daN capacity and a 5.10 -3 m/minute displacement rate.
Thermo-mechanical experimental results
As the plasterboard is an orthotropic material, the bending tests are carried out in the longitudinal (LL), transversal (TT), and diagonal (LT) directions at different steps of the time evolution ISO thermal loading (ambient temperature, 300s ISO, 420s ISO and 600s ISO). For each configuration (mechanical load direction/ thermal load time step), six specimens are tested. A measure of temperature is performed using a thermocouple located in the middle of plasterboard and gives a correspondence between the ISO loading time and the average temperature in the plasterboard. 
CPC MULTILAYER THERMOMECHANICAL MEAN MODEL
Consider a CPC multilayer composed of three physical layers (subscript j): cardboard 1, plaster, cardboard 2. Each physical layer is discretized itself in "numerical" layers (subscript k). The total number of the numerical layers for the composite is denoted by n. Each physical cardboard layer is assumed to be orthotropic while the plaster layer is assumed to be isotropic. The elasticity matrix of the constitutive equation of each numerical layer k (k=1,…,n) for the mean model is denoted by [A ] k and is a matrix belonging to the set 5 ( ) of all the positive-definite symmetric (5x5) real matrices. The multilayer system is defined in a cartesian coordinate axis (oxyz) with o in the middle of the composite. 
where
In which T is the temperature and M=(x,y,z) a point in the 3D domain. The matrices 
Heat transfer analysis
Thermal diffusivity ( Figure 6 ) of CPC plates is identified by an inverse problem performed with a developed finite elements code of heat transfer analysis and according to temperature-time tests carried out with the TLB. The CPC thermal conductivity is also identified by thermal experiments at the steady state performed with the TLB. The Heat transfer analysis through the thickness of the CPC multilayer (taking into account the identified parameters) allows the temperature in the middle of the different numerical layers of the CPC to be calculated as a function of the thermal load time (Figure 7 ). The 
FIGURE 7 TEMPERATURE IN THE MIDDLE OF THE NUMERICAL LAYERS (VERTICAL AXIS IN °C) AS A FUNCTION OF THE THERMAL LOAD TIME (HORIZONTAL AXIS IN SECOND)
Damage model
As a first approach, a cut-off model was adopted for the plaster layers. For each point of the modeled domain, the damage is equal to zero if the stress is less than the limit stress and equal to 1 otherwise. This first nonlinear approach used for modeling the global behavior of the CPC shows a good qualitative agreement with experimental results at 120°C and some differences at room temperature [6] . In order to improve the model prediction a brittle damage model for the plaster is implemented. The Najar's damage model [7] which is based on strain energy formulation has been chosen. According to it, the damage evolution law of each numerical layer of the plaster can be written as
In which the parameters 0 , T . Figure 8 and Figure 9 show the comparison of the experimental results with the numerical simulations for the applied mechanical load as a function of the transversal displacement at 20°C and 120°C respectively. 
CPC MULTILAYER PROBABILISTIC MODEL
We now consider data and model uncertainties in the physical layers (subscript j). We propose to apply the nonparametric probabilistic approach [9] to the nonlinear multilayer mean model for taking into account these uncertainties. According to this theory, a random model [ ] A is constructed using the maximum entropy principle [10] . The maximum entropy principle allows the probability density function of a random variable to be constructed in maximizing the entropy function under constraints defined by the available information. The available information is defined as follows:
A is symmetric positive-definite, 
The parameter j G is independent of the random matrix dimension and must be such that
For the Monte-Carlo method, the realizations of the random matrices [ ] j A G are constructed using the following algebraic representation:
where [ ] j L is an upper random triangular matrix such that :
Y is a normalized Gaussian random variable,
where kj V is a gamma random variable which probability density function written as
Finite elements discretization of the BVP
The nonlinear stochastic boundary value problem is approximated by the usual finite elements method (also called stochastic finite elements method).
Stochastic solver
The numerical Monte-Carlo method is used as a stochastic solver for the of the random nonlinear equation. Let U be the random transversal displacement of the CPC pate at a fixed point. The confidence region with regards to a given probability level is defined by the upper and the lower envelopes ( u and u respectively) such as c Prob u U u P d
Stochastic convergence
The convergence with respect to the number s n of realizations 1 ,..., 
Prediction of the probabilistic model and experimental comparison
We consider the BVP corresponding to a four points bending test and discretized by the stochastic finite elements method. We are interested in to the random response U as a function of the applied load. Two cases are considered, the first one corresponds to 20°C and the second one corresponds to 120°C. The dispersion parameters of the physical layers have been identified with the experimental data using the random response U and yields CONCLUSION A deterministic and a probabilistic nonlinear thermo-mechanical with experiments has been presented for studying a cardboard-plaster-cardboard multiplayer plate. The dispersion parameters of the cardboard and the plaster have been identified for two temperature according to the ISO834 thermal load curve. The proposed model is validated by experiments. The next step of this work is to construct a continuous representation of these parameters as a function of temperature. We the get a complete model in order to analyze the thermo-mechanical behavior of a light lined partition submitted to fire load and taking into account the random uncertainties.
